ABSTRACT Aims/Introduction: Sodium glucose cotransporter 2 (SGLT2) inhibitors are a new class of drugs for the treatment of type 2 diabetes mellitus that improve control of plasma glucose and bodyweight, giving great hope for the clinical utility of these agents. However, it is unclear for which patients SGLT2 inhibitors will be useful. Materials and Methods: We analyzed data from long-term tofogliflozin monotherapy in an open-label, randomized controlled trial in Japanese patients with type 2 diabetes mellitus. Patients were divided into tertiles by baseline insulin level: group low (L): insulin ≤5.6 lU/mL, group medium (M): 5.6< insulin ≤10 lU/mL and group high (H): insulin >10 lU/mL. Results: Glycated hemoglobin and fasting plasma glucose levels, along with bodyweight, were significantly reduced from the baseline in all groups. The changes in levels of plasma glucose area under the curve for 2 h, C-peptide index area under the curve for 2 h during the meal tolerance tests and the insulin secretion index were the largest in the H group. The incidence of drug-related adverse events was not different among the three groups. Discussion: Although tofogliflozin was effective regardless of baseline insulin level, it showed the highest efficacy in the H group.
INTRODUCTION
Tofogliflozin is a sodium-glucose cotransporter 2 (SGLT2) inhibitor that was developed in Japan. Tofogliflozin is highly selective for SGLT2 vs SGLT1 and SGLT6 1 . Previous studies showed that tofogliflozin was well tolerated, and significantly reduced serum glycated hemoglobin (HbA1c) levels and bodyweight in Japanese patients with type 2 diabetes mellitus 2, 3 . In the treatment of type 2 diabetes, it is important to control both fasting and postprandial glucose levels, without causing hypoglycemia. In addition, in order to maintain glycemic control over a long period, weight management is of extreme importance.
Sodium glucose cotransporter 2 inhibitors are a new class of drugs for the treatment of type 2 diabetes mellitus, and improve the control of both plasma glucose levels and bodyweight, resulting in much anticipation for their use in the clinic. However, it has not yet been determined what patient characteristics could indicate a maximum utility of SGLT2 inhibitors.
In the course of the onset and progression of type 2 diabetes mellitus, the first changes are the occurrence of postprandial hyperglycemia, caused by a decrease of the initial postprandial insulin secretion, and subsequently, delayed insulin hypersecretion occurring in response to postprandial hyperglycemia 4 . In addition, insulin affects anabolism in adipose cells as compared with skeletal muscle cells 5 . Thus, the excessive insulin leads to an accumulation of fat in adipose cells, resulting in obesity, and the serum insulin level is correlated with the degree of obesity 6 . As aforementioned, serum insulin levels are related to both the pathology of diabetes and the degree of obesity; however, it has not been studied whether or not serum insulin levels could affect the efficacy and safety of SGLT2 inhibitors.
Therefore, we examined the efficacy and safety of tofogliflozin in a subgroup analysis, in which patients were classified according to their baseline insulin levels, using the data from a 52-week, monotherapy, open-label, randomized controlled trial in Japanese patients with type 2 diabetes mellitus.
METHODS

Study design
The present analysis was a subanalysis of a multicenter, openlabel, 52-week, randomized controlled trial of tofogliflozin as monotherapy in Japanese patients with type 2 diabetes mellitus. This trial was carried out at Japanese clinics and hospitals in accordance with the Declaration of Helsinki and Good Clinical Practice. The protocols were reviewed and approved by the institutional review boards of each participating center. All study patients provided written informed consent.
Patients
The full eligibility criteria are described in the original report 3 . Mainly, eligibility criteria were patients who were aged at least 20 years with type 2 diabetes and whose HbA1c levels were 6.8-10.3% with diet and exercise alone for at least 8 weeks. Patients were randomly assigned to receive tofogliflozin, 20 or 40 mg, administered once daily, orally, for 52 weeks. For the analyses, patients were divided into three groups, based on the tertile allocation of baseline insulin values: group low (L), insulin ≤5.6 lU/mL; group medium (M), 5.6< insulin ≤10 lU/mL; and group high (H), insulin >10 lU/mL.
Measurement
In the original report 3 , laboratory tests were carried out at 4-week intervals during the treatment period. The meal tolerance tests (MTT) were also carried out on the baseline visit and the visit at 52 weeks. In the present study, we used the data of the laboratory test and MTT on baseline and 52 weeks or the final visit.
Statistical analysis
Analyses were carried out in the full analyses set (n = 190), which included all randomized patients with type 2 diabetes who received at least one dose of trial medication, and who had at least one evaluable measurement after the initiation of therapy with the study drug.
Baseline characteristics were summarized descriptively. Categorical variables were expressed as frequencies and percentages. Continuous variables were expressed as mean -standard deviation. Comparisons of continuous and categorical variables among the three groups were carried out using analysis of variance (ANOVA) and Fisher's exact tests, respectively.
The changes in bodyweight, percent change of bodyweight, insulin levels and C-peptide levels from baseline to week 52 were shown as mean -standard deviation, and were analyzed using one-sample t-tests. The changes in other measurements are shown as the least squares mean -standard error, and were analyzed by analysis of covariance (ANCOVA).
We used general linear models to assess the relationships between the changes in bodyweight and serum insulin levels.
To assess the relationships between the change in weight and changes in variables, such as HbA1c, area under the curve (AUC) of C-peptide index after MTT or fasting serum insulin, Pearson's correlation coefficient was calculated. A stepwise multiple regression analysis was carried out to determine independent predictors of efficacy on glucose metabolism and insulin secretion with tofogliflozin treatment.
In the safety analysis, adverse events were coded and classified into preferred terms and system organ classes, using the Medical Dictionary for Regulatory Activities, version 13.1. All data were analyzed using SAS System Release 9.3 (SAS Institute, Cary, NC, USA). All reported P-values are two sided, and determined significant when P < 0.05.
RESULTS
Baseline patient characteristics, according to their insulin level at baseline, are summarized in Table 1 . The 190 patients were divided into the low-insulin group (L group; n = 66), mediuminsulin group (M group; n = 60) and the high-insulin group (H group; n = 64).
Among the three groups, the mean age, and the average duration of diabetes, weight, body mass index, insulin level, C-peptide immunoreactivity (CPR) and CPR index (CPI) at baseline were significantly different. In contrast, the serum HbA1c level, fasting plasma glucose, estimated glomerular filtration rate and medications for hypertension or dyslipidemia at baseline were similar across all of the groups (Table 1) .
When the clinical parameters of each group were compared, patients in the H group were relatively younger and had a shorter duration of diabetes, higher bodyweights and higher body mass indexes compared with those in other groups (Table 1) .
Changes in laboratory data after tofogliflozin treatment are summarized in Table 2 . HbA1c, fasting plasma glucose and 2-h postprandial glucose levels decreased significantly from baseline in all groups. In addition, compared with baseline, both bodyweights and basal insulin levels significantly decreased, and urinary glucose significantly increased in all groups.
When the change of each group was compared, regarding the degree of reduction of HbA1c and 2-h postprandial glucose levels, there were significant differences between the L group and the M or H group (Table 2 ). In addition, the H group showed a significant reduction in fasting plasma glucose than the L group (Table 2) .
Based on the data of the MTT, we compared the effects of tofogliflozin treatment on the AUC of blood glucose for 2 h (Figure 1 ). The reduction of the AUC of blood glucose was greater in patients in the H group, as compared with those in the L or M groups (L vs H, P < 0.0001; M vs H, P < 0.0484; Figure 1 ). Additionally, there was a significant difference between the M group and L group (L vs M, P < 0.0091).
To investigate the effects of tofogliflozin treatment on insulin secretion, we estimated the homeostatic model assessment of b-cell function, secretory units of islets in transplantation and CPI using the values of fasting insulin, blood glucose and CPR. The CPI was calculated from the ratio of CPR to blood glucose 9100 at each time-point before and after the meal test. The change from baseline in the secretory units of islets in transplantation and CPI values was greater in the H group, as compared with the other two groups (Table 2) . However, changes in homeostatic model assessment of b-cell function were not different among the three groups. The insulinogenic index, which represents the immediate response of b-cells after 30 min of a meal test, increased only in the H group (Figure 2) . Using CPI values after the meal tests, we evaluated the change in the CPI AUC for 2 h after the meal test. In the H and M groups, the CPI AUC increased significantly from baseline ( Table 2 ). The H group showed a greater magnitude of change in the CPI AUC than the other two groups. These data show that patients with higher fasting insulin values at baseline, when taking SGLT2 inhibitor, received beneficial changes in postprandial blood glucose and insulin secretion after meals.
Reductions in bodyweight and fat volume with SGLT2 inhibitor therapy can also contribute to the improvement of blood glucose. However, there are some patients whose bodyweight reduced while the blood glucose remained or even became elevated. Thus, we tried to find the group in which bodyweight reduction is correlated with improved glucose control. Changes in the blood glucose AUC for 2 h after the meal test and bodyweight were positively correlated only in the H group (data not shown). Although the percent reductions of HbA1c and bodyweight were correlated significantly positively in the total study population, when stratified by baseline insulin level, they showed a significant, positive correlation in the M and H groups ( Figure 3 ). We speculate that the significant correlation between weight reduction and improved glucose control observed in the H group might be caused by the recovery of insulin secretion in the H group. Thus, we investigated the relationship between changes in bodyweight and the summation of the CPI changes from baseline. Divided into groups based on the baseline insulin levels, the significant correlation between reduced bodyweight and increased summation of CPI changes from baseline was observed only in the H group (Fig. S1 ). These data showed that improvements in both bodyweight and blood glucose or CPI after meals were concurrently observed in patients with higher insulin levels at baseline.
As fasting insulin levels reflect insulin resistance, we next examined the association of the changes in bodyweight reduction and those in fasting insulin levels among the three groups. In the total study population, decreased bodyweight was correlated with changes in fasting insulin values. Divided into three groups, based on the baseline insulin levels, the same correlation was observed in the M and H groups (Fig. S2) . These data showed that bodyweight changes are associated with an improvement in glucose control, the summation of CPI after a meal test and reduction of fasting insulin levels in the H group.
Multivariate analysis was followed by stepwise model selection with P values <0.05 to determine the baseline factors influencing reduction of glucose AUC during the MTT. After adjusting with the parameters in Table 1 , the baseline insulin, sex and the baseline of the glucose AUC were independently related to high efficacy on AUC of glucose during the MTT Fisher's exact test. BMI, body mass index; eGFR, estimated glomerular filtration rate; Group H, the high-insulin group (>10 lU/mL); Group L, the low-insulin group (insulin ≤5.6 lU/mL); Group M, the medium-insulin group (5.6< insulin ≤10 lU/mL); HbA1c, glycated hemoglobin. (Table S1 ). In the case of insulinogenic index, the baseline insulin was also an independent factor related to improvement of the insulinogenic index (Table S2) .
864
DISCUSSION
In the present subanalysis, tofogliflozin had the greatest beneficial effect on postprandial blood glucose levels in patients with high fasting insulin levels at baseline. Both the insulinogenic index and the summation of CPI changes from baseline improved significantly in the H group, although these did not improve in the L or M groups. These changes in insulin secretion likely contribute to the observed beneficial changes in blood glucose in the H group. Previously, it was shown that SGLT2 inhibitors lead to immediate amelioration of pancreatic b-cell dysfunction 7 . Together with these results, those changes on b-cell function will occur not only acutely, but chronically as well, during SGLT2 inhibitor administration. **P < 0.01 vs baseline, ***P < 0.001 vs baseline. P-values are calculated with the paired t-test. 2-h PPG, 2-h postprandial glucose; AUC 1-2 h , area under the curve for 2 h; FPG, fasting plasma glucose; Group H, the high-insulin group (>10 lU/mL); Group L, the low-insulin group (insulin ≤5.6 lU/mL); Group M, the medium-insulin group (5.6< insulin ≤10 lU/mL); HbA1c, glycated hemoglobin; HOMA-b, homeostatic model assessment of b-cell function; LS, least squares; SD, standard deviation; SUIT, secretory units of islets in transplantation.
One possible mechanism for the differences in improvements of insulin secretion among those three groups might come from those with the ability to recover from impaired insulin secretion as a result of glucotoxicity. Prolonged high serum glucose levels can cause b-cell apoptosis through generation of reactive oxygen species, or other stressors 8 . Conversely, insulin has pro-survival effects on b-cells 9 . Patients in the H group might have the highest ability to recover from impaired insulin secretion as a result of glucotoxicity, as compared with patients in other groups. This was likely further contributed to by the younger age and shorter duration of diabetes mellitus for patients in the H group 10 . Another important feature of tofogliflozin is bodyweight loss. The mean percent reduction in bodyweight was not different among the three groups. This finding showed that tofogliflozin causes bodyweight reduction, regardless of the baseline insulin levels. SGLT2 inhibitors reduce both blood glucose and bodyweight in most patients taking the drugs 11 . However, we sometimes encounter patients whose bodyweight reduced while the blood glucose remained or even became elevated after initiation of SGLT2 inhibitor therapy. In the present analysis, we found that changes in HbA1c levels and bodyweight strongly correlated in patients with higher insulin levels at baseline. This suggests that tofogliflozin shows stable effects in patients with high levels of insulin. In contrast, there was no significant correlation between changes in blood glucose and bodyweight in patients with low insulin levels at baseline. Therefore, in the L group, there might be patients who had reduced bodyweight, but unchanged or elevated blood glucose.
In the H group, bodyweight reduction after administration of tofogliflozin for 52 weeks was significantly associated with improvement in insulin secretion after a meal test (Fig. S1 ) and the reduction of fasting insulin levels (Fig. S2) . High serum insulin levels lead to insulin resistance in skeletal muscles through reduced expression of IRS-1 12 . Thus, reduced insulin levels in the fasting state by tofogliflozin treatment will lead to an improvement in insulin resistance. In addition, improvement in postprandial insulin secretion promotes the uptake of glucose into muscle. Therefore, both reduction in fasting insulin levels and improvement in postprandial insulin secretion might contribute to the improved glucose uptake in skeletal muscle 13 . Consistent with this, Sano et al.
14 reported an increase in handgrip strength after administration of an SGLT2 inhibitor. Under the condition of SGLT2 inhibition, the volume of the adipose tissues depends on the balance of the uptake of glucose after a meal and lipolysis during fasting periods. Previous reports have shown that SGLT2 inhibitors contribute to the reduction of fat weight and triglyceride content in adipose tissue 13, [15] [16] [17] . Lipolysis due to the reduction in basal insulin levels contributes to a reduction of bodyweight after tofogliflozin treatment. Improvement in the muscle tissue response to insulin along with reduction of the fat mass will provide further improvement of insulin resistance, and more beneficial effects are expected.
The beneficial effect of SGLT2 inhibitor therapy on the improvement of postprandial glucose levels was limited in the L group, although SGLT2 inhibitor treatment can lower them irrespective of basal insulin levels. This might result from the reduced effect of the alleviation from impaired insulin secretion as least squares mean (95% confidence interval). *P < 0.05, **P < 0.01, ***P < 0.001 among the groups. Group H, the high-insulin group (>10 μU/mL); Group L, the low-insulin group (insulin ≤5.6 μU/mL); Group M, the medium-insulin group (5.6< insulin ≤10 μU/mL). Glucose trial showed no difference in the benefits of SGLT2 inhibitor on cardiovascular disease prevention between the patients with insulin therapy and those without insulin therapy 18 . Thus, insulin injection combined with SGLT2 inhibitors for those patients is then considered from the perspective of efficacy and safety 19, 20 , although the insulin secretory capacity of those patients might be lower. Before prescribing the SGLT2 inhibitor, checking the insulin requirement 21 of those patients seems to be necessary.
Sodium glucose cotransporter 2 inhibitors showed the reduction of blood glucose and bodyweight, regardless of the patients' insulin levels. However, to utilize the potency of the SGLT2 inhibitors fully, it is reasonable to prescribe them to patients of a younger age, with shorter duration of diabetes mellitus and whose ability of insulin secretion is preserved.
In regard to limitations of the present study, there were some differences in the patients' demographics among the groups at baseline, and this might affect the study results. We need a prospective study, with patients matching in terms of baseline demographics other than insulin secretion. Furthermore, we should investigate the changes in gluconeogenesis, and other body components, during SGLT2 inhibitor therapy. Finally, it needs to be clarified whether some of the differences we found among the three groups in the present study influence cardiovascular events, or other complications.
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